a microchromosome in chicken and possibly also in zebra finch. This suggests that at least two chromosomes may have contributed to the GRC over its evolutionary history, although more sequencing is clearly needed in order to reconstruct the evolution of this intriguing chromosome.
Additional sequencing may also help shed light on the molecular mechanisms by which the GRC is reproducibly eliminated from somatic tissues. It is known that several epigenetic changes are associated with elimination of the GRC from sperm (the chromosome is thought to only be transmitted by the female) [13] . However, it seems that some aspect of the sequence of the GRC must differentiate it from the other retained chromosomes and mark it for elimination in the embryo. Resolving the primary sequence of the GRC, changes in the localization of epigenetic marks during early embryogenesis and other GRC sequence-specific interactions should begin to resolve the mechanisms by which zebra finch manipulates the gene content of its genome during development.
In summary, it seems likely that the zebra finch GRC and other genomes that undergo programmed genome rearrangement have much to teach us about the biology of our own genome and vertebrate genomes in general, particularly as we begin to unravel the molecular mechanisms by which eliminations occur and biological processes that are mediated by germlinespecific genes. Fossils of one of the oldest relatives to baleen-bearing whales have been described from Antarctica. Aspects of its anatomy cast doubt on conventional views for the evolution of filter-feeding and body size in whales. [4] revisit the evolution of baleen whales and conclude that gigantism can evolve without filterfeeding and that baleen evolved only after teeth were lost. The description of additional remains of Llanocetus comes at a critical time, where new fossils have fueled a renewed interest in whale origins. To understand its significance, we must take a step back and survey the larger evolutionary picture of the cetaceans -the clade that includes whales, dolphins, and porpoises. The most recent common ancestor of cetaceans emerged around 37 million years ago [5] , and soon after, it diverged into two clades that continue to populate the oceans. One of these, the mysticetes, includes all baleen-bearing whales (e.g. blue, fin, humpback or right whales) and their toothed ancestors, whereas the other, the odontocetes, include modern toothed whales (e.g. beaked, sperm or killer whales) and dolphins that use high frequency sound to locate prey [6] . With an age of 34 million years, Llanocetus is the second oldest mysticete known, and the oldest for which the palate and teeth are preserved [4] . Thus, Llanocetus has the potential to arbitrate among hypotheses for how whales became baleen-bearing filter-feeders. Fossil mysticetes with worn teeth have been interpreted as evidence that filter-feeding evolved through a suction-feeding stage, where rapid retraction of the tongue increased the volume of the oral cavity, drew water and prey into the mouth, and incidentally rubbed abrasives along the teeth [5, 7, 8] . According to this hypothesis, suctionfeeding, which does not require teeth, might have acted as an evolutionary stepping-stone to baleen. Other studies have focused on fossils that suggest that teeth and baleen co-existed [9] , or that early whales used the spaces between their teeth to filter out prey [10] .
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Llanocetus, the oldest whale with the palate well preserved, provides critical new information on the evolution of mysticete feeding. The lower jaw fragment that was described in 1989 had two teeth separated by a wide gap, which a recent study [10] suggested was filled with baleen. This hypothesis can be tested using anatomical relationships between baleen and the arteries that nourish the baleen-bearing epithelium. These arteries pass through a series of large foramina and sulci along the periphery of the upper jaw (Figure 1) , where teeth would normally be found, and probably play an important role in enabling baleen to grow throughout the lifetime of the whale [11] . Baleen becomes functional only when it wears into a tangle of filaments, but this wear means new baleen must form continuously so that the whale can keep on feeding [12] . So, if Llanocetus had baleen, then we would expect that foramina on the palate would be concentrated in the spaces between teeth. The new material of Llanocetus shows the opposite; numerous foramina surround the upper teeth whereas the spaces between teeth are notably devoid of such structures. Fordyce and Marx [4] hypothesize that the foramina indicate enhanced arterial supply to the thickened gingiva supporting the emergent, upper teeth. Although somewhat speculative, the anatomy of Llanocetus indicates that the association between palatal foramina and baleen is not nearly as strong as previously thought.
Many of the premolar teeth of Llanocetus resemble those of filterfeeding seals in that they have large, radial, accessory cusps that enclose discrete gaps [3] . In seals, these gaps are wide enough to allow water to be expelled (Figure 2 ), but small enough to trap prey within the mouth [13] . They also lack sharp fore and aft crests, which are no longer needed, as these teeth no longer function to slice prey. By contrast, the accessory cusps of Llanocetus retain sharp crests, an observation that Fordyce and Marx [4] use to suggest its teeth were used for slicing prey instead of filtering [14] . That said the primitive condition for whales is to have sharp crests [10] , and if these crests were subjected to weak, negative selection, then their presence in Llanocetus may not be that relevant to its feeding behavior.
Based on the above evidence, Fordyce and Marx [4] conclude that Llanocetus lacked baleen and could not filter-feed with its teeth. They also note that the wide spacing between the teeth Close-up view of a blue whale's skull (USNM 124326), showing large foramina and sulci on the left side of the palate. Arteries that pass through these foramina nourish baleen-forming epithelium, and similar structures have been found in Llanocetus denticranatus, a 34 million year old whale. rendered them comparatively ineffective for catching prey. With several feeding strategies unlikely, the obvious question is: how did Llanocetus catch its prey? Fordyce and Marx [4] suggest it used suction-feeding, which has important implications for the evolution of body size in whales. The current consensus is that filter-feeding, which is a highly efficient means of capturing large amounts of prey, played a key role in enabling whales to achieve such large sizes [15] . Fordyce and Marx [4] estimate that Llanocetus was eight meters long, about the size of a minke whale. If whales could get this large without filterfeeding, then other factors, which they speculate could be water temperature or size of range [4] , may have played a more important role in driving the large size of whales.
Despite the careful work of Fordyce and Marx [4] , the new material of Llanocetus raises more questions than it answers. One way to conceptualize the current state of affairs is to envision that broad morphospace that circumscribes all fossil cetaceans. For some areas of this morphospace, we can infer which feeding strategy was used with high confidence, whereas in other areas we cannot. For example, we can be very confident that whales with fossilized baleen were filter-feeders because their morphology closely matches extant species that exhibit this behavior [2] . Similarly, a small odontocete with no teeth and a short rostrum was almost certainly an obligate suction-feeder [16] .
The challenge is what to do with fossil species that exhibit unique combinations of features not seen in any living species. This dilemma is probably more common with species that straddle macroevolutionary transitions, as does Llanocetus, where key representatives of the transition went extinct. Though Fordyce and Marx [4] weigh several interpretations for the feeding biology of Llanocetus, their interpretation of Llanocetus as a giant suction-feeder, though reasonable, is not the only conclusion that could be drawn from their data. Whether or not they are right will likely hinge on future fossil discoveries, as well as a better understanding of what can, and cannot, be inferred from the fossil record.
